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DISCLAIMER

The findings in this report are not to be construed as an official
Department of the Army position, unless so designated by other author-
ized documents. The use of trade names in this report does not con-
stitute an official endorsement or approval of the use of such commer-

cial hardware or software. The report may not be cited for purposes
of advertisement.
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ABSTRACT

The regulatory controls for testing mulitary matene! under adveise environmental conditions of the
world deserts are delineated. The desert environment v described and specific characteristics of the major
world deserts delineaied. Adverse effects of the desert environment on military equipment and materials are
discussed. The LS. Army Yuma Proving Ground is discussed in terms of 1ts tacilities and capabihties tor
evaluating the suitabitity of milnary materiel for operation in analogous areas of the deserts of the World.
Desert testing methodology for speaific types of Army materiel is discussed in terms of development and exe-
cution of test plans.
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[. INTRODUCTION

A. GENERAL

The 11.S. Army has defimed a desert as an area i which the seasonal or annual rainfall i« less than the
seasonal or annual evaporation rate.'” Meteorological conditions common to all desert regions are glaring
sunlight, sudden and viotent windstorms, and drastic changes i temperature. Further, “the most important
deserts — pofitically and nulitarily - are the Sahara (which inctudes the Libvan and Nubian Deserts) in North
Africa and the Arabian and Seistan Deserts i the Middle Bast Also of importance is the Gobi Desertin Mon-
golia. These deserts are of importance because they separate two or more spheres of political and religious
influence: they contain valuable mineral deposits; and they have strategic implications because of their
locanon”” pbid).

Because military operations could occur i these areas and because the phyvsical char. sties of such
regions could present adverse influences on milnary equipment and personnel, specific crite have been pro-
mulgated in regulations and standards for guidance 1n the development and use of military  wipment 1y the
desert. Inasmuch as the developer 1s bound by the performance limuts and constraints es shed by these
regulations, standards and spectfications, equipment so designed must be evaluated again amitanons
to ensure that it does pertorm as prescribed and thus have a high probability of successfu. |, sration in the
expected environment.

The purpose of this manual 1s to provide the detailed bachground necessary for an understanding of the
testing of nulitary materiel in the desert environment. [nso doing, however, only that information concerning
the desert environment that is specifically pertinent to the operation, use or testing of military materiel ems
will be discussed. Bibliographic references will be made. where appropriate, to other sources of in-depth in-
formation on specific subjects, such as origin and development of worldwide deserts, detailed taunal and
florai characteristics, geology, terrain, soil structure, and chimate. Overall desert criteria will be discussed and
desert **analogs’ described with relation to testing.

B. REGULATIONS AND STANDARDS FOR ENVIRONMENTAL DESIGN

1. Pertinent Regulations and Standards

Recognizing the impact of adverse environmental conditions on the operation, transportation and
storage of military equipment, the U.S. Army, in coordination with other branches of the Department of De
fense and those of allied nations, has established specific regulations governing the design, development and
evaluation of military equipment subject (0 exposure to such adverse conditions. These documents, Army
Regulations (AR); nterservice Military Standards (MIL-STD); and international agreements, QSTAG
(Quadripartite—American-British-Canadian- Australian New Zealand); and STANAG (NATOQO), provide

specific definition of the environmental factors and control levels desired to be incorporated into materiel
designed for worldwide usc.**

*Superscript numerals indicate references at the end of this document

**Fquipment which s to be emploved exclusively 1n a limited region should be devigned to meet the specific adverse conditions of that
region rather than the perhaps broader requirements established by these documents
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MIL-STD-810 — Environmental Test Methods. L vrandard provides detatled gundance for env
ronmental testing performed poocachy under Ononber or laborators amualanon conditions, T delineates the
specific tests 1o be condudcted and defines the drta to e collected, i ctudime the accuracy of measarements to

v

be obtained. Except pertpherally, 1t does not provde speaific gundance tor testing in natural environments

QSTAG 30 — Quadnipartite (ABCA) Standardization Agreement, Chimatic Fnvironmental Con-
ditions Affecting the Design of Military Mateniel. Thiv  anncrnaton <Laeciment of the probahle extreme
chimatic condittons 1o be mer by ouliran ¢ papnien o ound sy trens and operanion Tt be used
for test planning. 1 sety out mine “Chinatn Catcg e delineating dmove conditons obsersed 1 taur
tvpes of world chmates that may be encourseed badingss cgupment AR arctica exchudeds 1t turthet pro-
vides guidance 1in evaluation of aceeptabibity of meres ol tares i aceordance with an cieht-lesei Jlavfioae

ton of farlure covering four feveliccact ot oG oo corebic damaee

STANAG 2831 — NATO Standardizauon Agieement, Chimatic Environment-Temperature and
Humidity Limitations for Equipment used by NATO Armed Forces in a Ground Role. [his agreement s es-
sentially equivalent to the QSTAG 360 agrecmnen Looortect U ovionds those poonaons to cover all NATO
ground equipment. 1t provides mavimuam. a0 pa e tempes i e and humediny limigs for opera-

tion and storage of egquipmentin seven O nnatic Datrene Jatepories
2. Relationship Between AR 70-38 and Other Standards and Agreements

There are two principal deticrences beracon AR 70 N NS TDH-210, and the other documents

concerned with defiming hmitations o adverwc enviraninental fadions

. MILSTD 210 apphes only o marerien designed tor worldwide use. The other documents
provide criteria tor vperanor nomore Hmited zonal regrons by delineating cimatic categories

within the worldwide scope

. AR TO3K recognices that wpthase ny T isiondge and bransit) enviionmients mav induce
more severe conditions (hwylier temporatires an occus haturaliv, The other documents do
notinciude this more strigent hnntation, attheugh they prescribe extreme cold temperature

categories notaccented in AR i AN
a. One Percent Risa

A policy designated as one percent risk ' i established in defining the limitations of the va-
rious environmental factors i ML -STD 250 These are values of chimatie efements that are exceeded not
more than one percent of the time of the most extreme month man average vear at the most ~evere location
for that element. (For low temperatures, the fevel cefecied was for 20 percent ot the tme and for rainfall, 0.5
percent.) The probability that materiel will be exposed 1o a speaific environmental element extreme cannot be
accurately computed; however, these values, known as “one percent design vatues™, are considered to be very
conservative, 5. FAf

Because of the sinmngency of these imitauons imposed tor worldwide use, where certain of
the climatic elements achiceve their one percent design vaiues i svery hunited locations, some modification of
this policy is recognized in AR 70-38 and the international agreements. Hence, the climatic domain of the
world is divided, on the basis of temperatures, mio zones (four for AR 70-3R8 and three fur QSTAG 360 and

SN k_. : ——




STANAG 2831). These are further subdivided wath respect to predipitation and humidity . In effect, this ap-
proach allows the design of equipment for use at one or the other of the extremes, which establishes 1t as a
umque design situation. Ocher mateniel, not expected to be emploved under that condinon, would thus be

freed of the necessity for accommodatmg that hmitation to the extreme degree otherwise called tor.
b. Comparative Provisions

Tables I-1, 1-2, and 1-3 show the comparative values for these climatic categories, and Table
|-4 summarizes the provisions of MIL -STD-210 and includes environmental factors not treated in the other
documents. There are some differences in values for the vanous chmatic elements among the first three
tables, but these are essentially negligible. generally arising from conversions between USA and metric mea-
surement standards. QSTAG 360 and STANAG 2831 are practically identical except for the omission of the
wet. warm and wet- hot (Bl and B2) categories by STANAG 2831, AR 70-38, however, omits the *‘extreme

TABLEI-1. SUMMARY OF AR 70-38 TEMPERATURE, SOLAR RADIATION, AND RELATIVE
HUMIDITY DAILY CYCLES
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cold’” (C4) category of -60° to -70°F (-51° to -$7°C)* and considers the “‘severe cold'’ (C) category of
-60°F (-51°C) only for cold soaking during operating conditions and for transit and storage (withstanding).

3.

climatic factors, as ‘‘reversible’’ and ‘‘irreversible,

Unique Provisions of AR 70-38

AR 70-38 includes a statement identifying and classifying materiel failures, as related to adverse

'

with respect to whether normal operation is regained

P ——
*In this document all measurement conversion will be to the same order of precision, unless otherwise stated

A




TABLE |-3. TEMPERATURE AND HUMIDITY LIMITATIONS FOR EQUIPMENT USED BY NATO
ARMED FORCES OPERATING IN A GROUND FORCE STANAG 2831

OPERATING AND STORAGE LIMITS

N _ ——_ — e — = —_ -
— e — — OPERATING . . l STORAGE .
Designation Extreme Aslatine Huntndt, ! (Y PYSCINT] [ batrame Re at yo =.r -
Chmane ‘ of Cimanc i Temperature 'A"\T('_();V\L;»;l_vm | RN T T o ! Turr pora e r_AvrTr-T‘;;n;nTg» i pare ng
Limns Extremes ¢ ¢ mas temp of Pt ey * o, - " . N man temp uf i e taeng, o
S Categores L SLUL AT R A T AN . _daiy cyiie + iy cycie
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when the effect of the adverse environmental condition i~ removed. QSTAG 360 and STANAG 2831 catego-

rize such failures further into eight types, with respect to the relative degradation caused by environmental

conditions in excess of those for which the materiel was devigned, as follows:

a. Reversible Failures

b.

Type A

Type B

Type C

Type D

Type k&

The cquipment may continue to function but with reduced performance.
returning to normal efficiency after the more extreme conditions cease. It
remains safe throughout.

The equipment may cease 1o function altogether but recover normal effi-
ciency after the more extreme conditions cease. 1t remains safe throughout.

The equipment continues ta function but with reduced performance during
the extreme conditions and. in addition. becomes dangerous to life or to
some other essential equipment in the vicinity. When the more extreme con-
ditions cease, the equipment will return to normal efficiency provided the
danger did not eventuate.

Irreversible Faijlures

During extreme conditions, the equipment ceases to function and endangers
life or other adjacent, essential materiel. It returns to normal, safe perfor-
mance when the extreme conditions have abated, if the danger has not
ensued.

The equipment may continue to function with reduced performance but
after the more extreme conditions cease--never returns to normal effi-
ciency. It remains safe throughout.




TABLE |-4. ENVIRONMENTAL FACTOR LIMITS FOR GROUND EQUIPMENT AS DEFINED BY

MIL-STD-2108
WITHSTANDING
ENVIRONMENTAL
FACTOR HIGHEST LOWEST OPERATION EDE", yrs: 2 S
High Temperature 136 (58) 1% 120 (49) Temp.: 128 (53) 130 154 1
°F(°C) 5% 115 (46}
10% 113 (45)
Low Temperature -90 (-68) 1% 781(-61) Temp.: -86 (-66) -89 (.67} -
°F(°C) 5% -70 (-57)
10% -65 (-54)
20% 60 (-51})
50% -50 (-46)
High Absolute 35x10? 1% 30 x 10° ppm, 88 (31°) dp
Humidity 95 (34) dew pt (30 day periods - variable) NA
Temp, *F (°C) 5% 28 x 103 ppm, 86 (30) dp
during day
109% 26 x 103 ppm, 84 (29} dp
20% 25 x 103 ppm 83 (28} dp
Low Absolute 2.05 ppm 5.24 ppm ppr: 2.82 2.22
Humidity -91 (-68} -79 (-62) frost point: -87(-66°) 90 (-68) -
Temp, °F (°C) frost point
High Relative 100% 84 (29) 100% 78 (26) to 100% 75 (24) 10 95% 75 (24)
Humidity, Temp, °F (°C} 74% 95 (35}
Low Relative 2% 110 (43) 3% 120 (49) temp at 128 (53) 130 (54) 1
Humidity, Temp, °F (°C) 3% RH
°C) Withstanding for wind gust speeds, 1
Wind Speed 312(95) 73122), 1% risk 105 (32} 100 (30}
fps (mps) SHD**, ft (m) <2(.61) 5(1.5)
Rain Rate 1.23(31.24 0.0315(0.80),0.5% extreme for 1 he.! 4.0 47012
in./he {cm/hr) for 12 hr.? 09 23) 1133.00
for 24 hr.3 0.61(1.5) 0718

*EDE - Expected duration of exposure
**SHD - Shortest horizontal dimension of test object
(1,2,3) Wind speed at height of 10 ft., fps (mps}: (1) 110{33), (2) 84 (26), (3) 68 (21}




TAL FACTOR LIMITS FOR GROUND EQUIPMENT AS DEFINED BY

MIL-STD-2108
WITHSTANDING
OPERATION EDE*, yrs: 2 S 10 25
19% 120 149) Temp.: 128 (53) 130 (541 131(55) 133 156}
5% 115 (46}
10% 113 145)
1% 784611 Temp -86 (-66°) -891(-67°1 92¢(-63 i 95 (71
5% 70 57
10% -65 ( 541
20% 601 51)
50% S50 1 46)
1% 30 x 103 ppm 88 (31 ') dp
130 day periods varnable) NA
5% 28 x 10° pom. 86 (301 dp
during day
10% 26 x 103 ppm 84 (29) dp
20% 25 % 10° ppm 83 1281 dp
5 24 ppm ppm 2.82 222 174 1.36
79 62 frost point -87(-66°} -90 (-68) -93 (-70) 96 -7
100% 78 (26} to 100% 75 (24) to 95% 75 (24)
74% 95 (35)
3% 120 149} temp at 128 (53} 130 (54} 131 (55} 133 (56)
3% RH
Withstanding for wind gust speeds, not years
73122} 1% nsk 105 (32) 100 (30} 95 (29} 90 (27) 84 (26) B1 (25}
SHD"**, ft (m) <2(.81) 5(1.5) 10(3.00 25(7.6) 50 (15) 100 (30)
0.0315 (0.80),0.5% extreme for 1 he ! 40 4.7{12) 52013 58115}
for 12 hr.2 09 (2.3 1.143.00 1230 1333
for 24 hr3 0.6(1.5) 07018 07018 08120
), (3) 68 (21)
-
. /
— i 4




ENVIRONMENTAL

TABLE |-4. ENVIRONMENTAL FACTOR LIMITS FOR
GROUND EQUIPMENT AS DEFINED BY MIL-STD-210 (cont‘d}

WITHSTANDING

FACTOR HIGHEST LOWEST OPERATION EDE*, yrs: 2 5 104

Hail Size 516 (142} None 2.6 (70} 31(80) 3sq

dia, in. imm) .001% extreme 2 (50)

.01% extreme 0.8 (20}

High Press. 31.89 (1080) Highest Highest

in Hg. (mb)
Low Press. 14.8 (503} 1% 15 (508 14.8 (5031 Highest

in Hg {mb) 5% 15.2 (514)

10% 15.4 (520)
20% 15.6 (527)

High Density 0.111(1.78) 0107(1.72) NA

1b/ 3 (kg/m3} -90 {-68} 781-61)

at°F(°C)
Low Density 0.0441 (0 707) NA

b/ #13 (kg/m3) at57 (17)

st 15000° {(4.57 km

elov.)
Ozone, b/ ft3{ug/mI) 203 x 10° (325) 1.37 x 108 (220) NA
Sand & Dust 3.75x104(6) near arcraft 1.32 x 104(2.19) <500 u m dia NA
Ib/f13 (g/m?) (<74 um dia) near vehicles 6 61 x 105 {1.06) w/50 fps

(18 mps} wind

at 10 ft (3m) ht/ < 1000 ym dia
natural conditions 1.10 x 105 (0 177} w/50
fps (18 mps)

wind at 10 ft (3 m, ht/< 150 ym dia




. TABLE I-4. ENVIRONMENTAL FACTOR LIMITS FOR
JUND EQUIPMENT AS DEFINED BY MIL-STD-210 {cont'd)

near vehicles 6.61 x 105 (1.06) w/50 fps
{18 mps) wind

at 10 11 (3m) ht' < 1000 um dia
netural conditions 1 10 x 105 (0.177) w/50
fps (18 mps)
wind at 10 i3 m) ht/ < 150 um dia

WITHSTANDING
OPERATION EDE®, yrs: 2 5 10 25
None Dia. 2.61(70) 3.1{80} 3.51(90) 41100}
Highest Highest
1% 15 (508) 14.8 (503) Highest
5% 15.2 (514}
10% 15.4 (520)
2% 15.6 (527)
0107 (1.72 NA
-781-61)
0.0441(0.707 NA
at57 (17}
137 x 108 (220) NA
near aircraft 1.32x 10 4(2.19) ' <500 4 m dia NA
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. Type F
. Type G
. Type H

The equipment may cease to function altogether, having suffered complete
and permanent damage from the extreme conditions. It remains safe
throughout.

The equipment functions with reduced performance and, in addition, be-
comes dangerous to life or to some other essential equipment in the vicinity,
this danger continuing for a long time (perhaps indefinitely) after the ad-
verse conditions have abated.

The equipment ceases to function and does not recover and, in addition, be-
comes dangerous to life or other essential materiel in the vicinity, this dan-
ger continuing for a long time (perhaps indefinitely) after the adverse condi-
tions have abated.

c. Other Provisions of AR 70-38

L4 Rain

Operational rate: 0.03 in./min. (0.80 mm/min.)

0.07 in./min. (1.80 mm.'min.) for missiles and aircraft

Nominal drop size:

Diam. (mm) Number/m?
0.5-1.4 2626
1.5-2.4 343
2.5-3.4 45
3.5-4.4 6
4.5-54 ]
5.5-6.4 1

[Accompanying wind velocity, intermittent, 60 {ps (18 mps)]

. Snow
Snowfall rate: — max. 3in./hr (76 mm/hr)
Crystal size: — range 0.05-20 mm (.001-.8 in.)

— median0.1-1.0 mm (.004-.04 in.)
— blowing snow: 0.02-0.4 mm (.001-.016 in.)




Horizontal Mass Flow in Air at 44 1ps (13 mps) at the Following Heights Above the
Ground Surface.
(temperature range t4°F o 4 b 107C o 20 Cypdown o -407F ()

Hewght Above

Surface Mac Flow
(1) (m) (b ' ooy (g 'm° sec)
13 10 45 =0 22
25 7.5 R T 2
16 S B2x 0] 4.0
8.2 2.8 P4 <10 6.9
33 1 RPN T 16
2.5 78 4S8 =t 22
1.6 .S 66X 10 ] 32
R 28 14 < 1o 66
3 R RN 200
2 .05 109 < ji ¢ 53y

Snowload
Portable equipment (tentagey YO 1h {17 (49 ke m?); 201, (0.5 myat 0.1 sp. gr.
Temporary equipment (rigid shelter~) 200b 7 98 kg m?1: 40 in. (102 mY at 0.1
Sp. gI.
Semipermanent: 48 1b 17 (23S Kg w7y 96 in. (2. 44 myat 0.1 sp. gr.

. fcing
Operational: 0.5 . (13man at0.9p. 2
Withstanding: sce MIL-STD 210

. Hail
Operational: up to 2 . (51 nun) diameter

. Wind
Operational. Same as MIL-STD 210 a0 10 feed m) herght
Steady 73 fps (22 mps)
Gusts 95 fps (29 mpy)

10




Multiplying factors for other elevations above surface:

Height

(fv) (m) Steady Gusts
s 1.5 0917 0.946
10 3 1.000 1.000
20 6 1.090 1.087
30 9 1.147 1.092
40 12 1.189 1.117
50 1S 1.222 1.137
75 23 1.286 1.178
100 30 1.334 1.202
200 61 1.454 1.271
300 91 1.530 1.313
400 122 1.586 1.343
500 152 1.631 1.368
1000 308 1.778 1.445

U] Sand and Dust
Particle Size:
Range—0.1 to 1000 um (3.94 x 10* 10 3.94x 10 Y in.)
Median—74 um (2.9 % 10 Yin.)
Operational concentrations at 70° F (21° C) and less than 30% RH
Ground equipment in downwash of helicopters or aircraft

(unpaved surfaces)—1.32x {0 *1b ft* (2.19gm 'm*
Equipment near operating surface vehicles
6.61 %10 *1b-ft* (1.06 gm-m*)in winds 59 fps (18 mps) at 10 ft (3 m) height.
Equipment subject only to natural conditions
1.1 10 b/} (0.177 gm/m’) at winds 59 fps (18 mps) (particle size up to
150 um (5.9 % 10 Yin.)

L Ozone Concentration
Operational: 1.37 x 10 #1b/ {1} (220 ug- m?)

U Atmospheric Pressure
Operational High— 1080 mb (31.89 in.)
Low—S508 mb (15.0in.) at 15,000 ft/ (4,572 m)
Extreme Seal evel l ow—877 mb (25.9in.)




C. LIFECYCLEOFMILITARY MATERIFL

The “Lite-Cyele™ of acquisition and use ot the weapons and equupment (materel) of the Army 1s usu-

ally depicted in a sequential provess from procurement Lo issue to the operational arm or service ! pera 12

Where nonexpendable mateniel s concerned, issue and operational use may include intermediate stages
of field storage or maintenance and reissue before utumate consumpuon or disposal, and operational use may
mclude storage (stowage) and installation on vehicles instrumentation vans; and arullery or missile launch-

CIs, e, transportation modes.

Fhroughout this sequence, adverse environmentai effects can and do attect the condition, operation and
eftectiveness of the matenel, and the deletenous aspects ot these environmental factors must be undersiood
and tahennto consideration duniny the “development’™ (designy phases, which precede the imnal ““procure-
ment’” stage in the hfe-cvele sequence Consideration ot envitonmentai factors in testiing of materiel, just asin
itsmtial design, orin evaluanor ot modifications to improve its design must be antecedent to the beginning
of this ife-cyele. That is, the stage of the Tife ovede concerned with procurement involves not only production
but must include ur be preceded by all of the eneineernin. processes necessary 1o 1it-—design, development. test-
ing, and approval for production.

A more or less effective denciency reportne™ system mahes knewn to the procuring agenosy (Devet

oping Command) deficiencies, envionmentally mduced as welt as operationally induced. which occur after f
issue of the materiel, as depicted by the brokea hines in Figauie 1-1. Depending upon the sertousness and ur-

geney for correction of these deficienaies, they may be corrected in current production of the item and posa-
bly even retrofitted to equipment already deployved or held for consideranion of change in future production.
Such modifications should be subjected 1o environmental testing, just as was the original design, in order that
correction of the deficiency can be assured.

The several phases ot the life-cycle sequence form the framework for the testing of materiel, particularly
nsofar as adverse environmental factors are concerned. Analyses of suitability must include aspects of stor-
age, transportation, maintenance, and safety in addition to operational adequacy.

D. U.S.ARMY ENVIRONMENTAL TESTING
1.  Testing Under AR 70-38

AR 70-38 is the goverming document for adverse-environment testing of materiel for use by the
Army. It specifically provides that “'materiel under development is always tested in climatic chambers and
ucually undergoes additional, natural (or Nield) environmental tests, % rara 19 iemphasic added Gy ch testing 18 a
significant part of the overall tesuing and performance evaluation process to which all Army materiel is sub-
jected duning its development, as delineated in AR 1000-1.

The testing process outlined 1 these regulations is essentially onented to organizational responsi-
bihity rather than functional necessity. Practically, 1t 1s of utmost importance that preliminary research and
nvestigative studies of new materiel consider the effects ot the expected aperational environment in its de
sign. Such studies frequently necessitate exposure of component elements of the experimental or development
prototype item or system to expected adverse conditions by, or under the direction of, the development engi
neer. These are frequently not acceptability tests of the component or item but experiments to develop funda

12
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. Adds supposediy manor or unrecognized environmental clements which would

otherwise not be taken mnto consideration.

. Disadvantages:

2 Does not impose the extreme hmits of speaified environmental elements either
concurrently 01, 10 many instances, even separately. Acceptabihity for ceratn el-
emental pertormance hmits may have to be deduced by extrapolation from less

strmgent operatton during the test

. Test condittons are subject to the vanability of weather and chimate. Hence, test

delavs mav be trequent or fengthy (seasonal).

U Festing conditions are real-time; hence, no reduction in test ume of life-cvele op-
crations can be readihv made through accelerated tests (ice., increased loads,
higher temperatures, moreased dust concentrations, increased rates of precipia-

tion, ¢te.)

J Requires multople test vtes with increased cost of transportation, instrumenta-
tion, facihties, test support, and test personnel.

. Requires increased numbers of test items and or time for testing because of mul-
tiple test sites.

b. Simulated Environment Testing
. Advantages:
. E nables adverse effects of specific environmental factors to be controlled and

studied without refation to other elements. This may be of significant importance

inearfy materiet development.

. Major environmental elements may be tested in various combinations for detailed
controlled study.

. Performance under the specified extreme limits of each environmental factor may
be examined.

. T'ests are not delayed by unacceptable weather conditions, travel to alternate test .-
sites, or lack of test items (for successive or concurrent testing) and do not require
multiple test facilities or test personnel. Certain highly specialized or unique
chamber facilities would obviate this advantage if required to be utilized.

. Disadvantages:

U Requires highly experienced, judgmental decisions as to the impact of specific en-
vironmental factors on the performance of the item under test, particularly as to
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NESTHB LD

. Matertal deternoidingn sesaais e not predics cal-world resuits with any degree of

confidence "
. Practical Aspecis ol Bavironcni D Doty

Dr. .M. Haverand® has stared T he wreater the discrepancy between the envitonmental
condraons and equipment used for actcres donirn tesnimae and those encountered by the equipment during i
service fife, the greater the risk that the testing il tail 1o discover madequactes in the equipment, if iade-
quacies exist . . . Ttis true that chamber or laboraiony testing can be controtled, so that it s standardized and
repeatable. But these advantages are often purchased at 2 cost of seduced vahidity in the held. " He condluded:
CTECOM's (ULS. Army Test and Bvabranion Commandy present policy on natural environmental testing is
based on its extensive corporate memaory as well ds the regulatory guidance of AR 70-10, 70-38 and
1000-1. TECOM insists that all new sysiems be tested m chmatg chambers TECOM recommends that all new
systems intended for high density emplovment also be proved in adverse natural environments. When the lat-
ter tests are infeasible because of dollar, time cor other proyram) constrants, TEHCOONM attempts to assess the

risk involved inits independent eviduation report

The adverse synergism ot combinations of environmental factors obtaimed in natural or field
testing cannot be overemphasized. Over the pact vears and with many ditferent tvpes of equipment, there

1o




have been many examplos of falures of chamber testhing to disciose detcenaes that were Later tound in natu

ral cnvironmental tests o eperational service abter the rem was deploved Tdeallv new designs tor equipment
should be reviewed by envirommental oxperts o cnsvare that then expenence and hnowledype are unibized 1o
counter the potential hazards of the envitonment. Pracucabiv, thss seldom accomphished, and unless the de

signer or devetopment engineer s well expernenced in this area, detictenaes will result The ponapal adverse
condhitions hagh temperat e, dostmbiltraton, vrade pectorman. e, et may be adequately accommaodated
because they are well detimed (specitiod) and recoemiced by the doagner, but combinations of these and other
untecognized o1 assumed!s dnnon tactors mas be touna te hase hrendy detnmental eftects o the held Some

examples that have been obaernved are

heloorter turbees s swell pubhlicized deticenoy occurred in Viet

I Dusneesiion b
Nam trom unanticipred operatan of hebcopters i hovennyg mode Juning loading op-
CHAlOnS i cnitcal s hadnions . Dust and denrs sarred ap by roror downwash had not
been considerad as o tactor i desieming the ancratt and were ingested by the turbines,

causmg premature tal e

2 Crached tnioror perch conrod compenents Cold teanng at B Greels of the OH-6A
hehicopter civciosed cabin beanyg problems caused by diats and insufficient capacity
of the heatioe sverem Te albso developed cracked nvlasint Iimers in the sl totor unit
dafter cold startand theht operaaensm baow 0 F ¢ I8 yambient condittons. The hiner
crackmg was pots Baerved i choamber tosting, pparenthy because the hehicoptes could

not be adeguately coorona d

} Unpackiny of cnogece s Intestimg of @ canted projectle at b Greels, unpaching and
handine o the poosectte was unacceptably slow becainse ot the cold weather clothing
worn by the handicrs Pl and a cotd weather destan tault toundan the projeculeatself

might have been tonnd i praviousdy conducied chamber testing but was not.

4 Totake are Jeos Cloevine Ingestion amd Clogginge of vehicle mtake an ducts by vegeta-
ton Gy prasses, tmbloweeds ) preasewond, etd ) bas occurred even though normal til-
ters were wenalled Chamber teseng did determine the effects of normally expected
dust o the mrake airs bur the ettects of the debns thiown up by vehicle wheels and

thacks were unaiiapated anid revealed by field testing

s Dinvernraimn blockage. Aithoagh not, perbaps, as prevalent in desert envitonments as i
those embodyviny more dense vepctation, blocking of driving components - wheels,
propeller shatts, steenmg mechanisms - by tough vines and hroken branches or masses
ob packed weeds and prases does eccunam beld operations and cannot be effectivels
stnulated i a chamber: The designer can, pethaps, visualize such condinions and tiy (o

overcame themoan bis desien, but only field testing can prove such designe

Although sometimes tiese tound as a result ot ficld 1esting, deficiencies attributed to crach-
mg, bindig, or distortion ot components and vaused by ditferennal expansion of component parts i ex-
treme cold or heat; condensation from mtrusvon of humid atmospher s dust and snow infiltration; microbial
growth amsect damage and sinnlar stnpular etiects should be exvident from properly conducted chamber tests
That thev are not discovered until field tests or service use of the equipment s generally attributable (o inade-

qQuate chamber tesomg. Ttas the eftect of theve chimane factors i combmation, which is difticult or impossible

to simulate, that is more readily determimable by field testing than by chamber testing.
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. DESERT ENVIRONMENTS
A. THE DESERT
i, Chimate

Although the desert environment s generally depicted i tetms of Chimatic Desgn Daily Cydle AL
with a hot-dry cvele, 1t should be recopnized that deserts mav exist weth climatie oyvcles of A2, Cand C2 as
well; thus, many other charactenistios must be conadered i the dethimnon of a spoaific desert than just high
temperatures and andiy. The pnnaple critenor, hewever, s climanic; e andity, whereby the potenual
evaporation rate from the ground surtace exceeds preapitation. Deserts eastin temperate or cold regions as

well as hot, even though togh temperature s usaaiiy assvamed to be a pancipal characrerisuge ol the desernt

Charactenistios of topography trerrain geometry): sail; vegetation: and even fauna are also essen-
tal in defining the hmitations and natural constraini<mposed by the desert The charactensie desert andity
results in sparse vegetation on thin soils of tow oreanie content, readily eroded by ram or wind. Additionaliy,
intense sunhight, wide-ranging scasonal and dirnal temperatures, and sudden, violent wind and ramstorms

are tvpical. The whole of these clements must e convidered to characterize particular desert environments

Brooks, atter conaderanon of unumicrous sources, has proposed  the followimg  defim

tion, !4 pararhrased w hych is concluded to be Guite apt:

A Cdesertas a region with an and chimate i oslnch the potential evaporation rate ox-
ceeds the precipitation (annual preapiation rate) Over a fong penod of ume, the and
climate results in the characteristic scanty segetation (veropin e or drought resstann
of such regions. I ack of vegetation, i turn, results i sotl of low orgamie content and

contributes to the characteristic shapig of topogtaphy by water and acolian forces. ™
E FoRNag

By this definition 1t may be seen that even though preapitation occurs, possibhv even at high rates
in terms of quantities per unit ot time (nches per hour), the annual or seasonal evaporation rate s such that
evaporation exceeds the total precipitaton for the period. and an arid sotl results Brooks tarther states (bid)

“This defimbion infers the unsuitabibity of a desert tor agriculture due to lack of water
and poor soil condition. It also infers the limited population winuch a desert can support
without artificial supplies of food and water. The imited population, in turn, inters the
lack of developed communication systems. The tvpe of topography 1 also inferred,
beimng duce to rock disintegration rather than decay  Temperatures are inferred by the
requirement for a relatively high evaporation rate. (Extremely high temperatures are
not typical for all deserts, since low precipitation requires only a relativels low evapora
ton rate (1o mamtain necessary andity) and correspondingly, relatnvely low tempera-
tures can occur and still achieve adequate evaporation rates, ¢ g., the Gobr and Great
Salt Lake Deserts )™

Of the 56 muthon square miles of fand area of carch, about 19 percent or 10.S mithon square miles
is considered “*arid”’. with another 8 million square miles categorized as “*semi-artd™. Lhe great deserts of
Africa and the Middie Last hie astride the Tropic of Cancer; those of South America and Austraha are on the
Tropic of Capricorn. Only those of middle Asivand the western United States lie at higher latitudes, Figure
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- Clunatically ) the eguatorad arcas between the tropies are Chimatic Cyvele B2, hot-humid, nonseasonal, or

seasonal as they approach the tropr lathitudes
2. Deserts in General

The desertarc e are Cadde A hot devs Ovade A2 basic bor div: Cyele CL basie volds and Cale
CLovold The 16 major desert compleves found an seven areas of the world may be subdivided o smatl,
conliguous regions having inoic coesistent distinctive charactenstics, but even within these smaller elements,
wide varability exists, parnicularty with cegard 10 topography (terraim geometryvy; sonl (geologic factors); and
vegetatton. Table T dehineates these desert areas, the chimane categories of which are generally consistent
within a wiven region unless there s extension into higher lattudes or elevations, i.e., change from Cycle Al
w0 A2 o C1 Comparative characteristios of major deserts are indicated in Table -2 Figure 11-11 shows
these wotdd regrons, which are oboaned as aeserts by season of cimate, terram., soil, and hota. An dlustra-
non of the great vanety of rerrwn tearures and sorl chatactenistios that are met m most desert regions is shown
m bagure I 20 for the Sahara Desert [os evident thas the typical desert scene of rolling sand dunes is present
i mans arcas of this desert, bur there are also bate, crusty plains, gravel and rocky floors, salt basins, rocky
cut.rops, and mountans, all cut and crisscronsed by eroded stream beds, dikes, alluvial outwashes and es

carpments. Sotd s thin 1o nonesistent. as s alvo veeetation

The mechanioms of the Fartics climate and terrain that result in the generation of the major
Jdeserts wre worldwide i scope and cospien e sherr meerrelationships. A United Nations Conference on

.

Deserttication (1977) discussed these tactors gy !t v vihased

Sigmificant ranntalt i always caused by uphfc of humid air, but ram does not fall even
from humid airstreams anless s stability s disturbed 1o cause uplift. Many arid and
sem and regions, such as Pakistan and northwest India (Thar desert), have highiy
humid air for magor portions of the vear, but because it is stable (not uplifted), no rain
oceurs. Aar s stable when its temiperature decreases only slowly with altitude, but it
temperature may ¢ven rise gnversion), as mayv occur when moving over cold ocean sur-
faces; e, Atacama desert of South America. Namib of Africa. and the southwestern

deserts of Aunstrabia

The main causes o andity are.

) Widespread. atmosphernic subsidence
Lhis s mherentin the mechamism of the general atmospheric circutaton of the Earth, pro
ducttig regaons of sertical subsidence in the regions of the Tropics (28.6 N and S of the
Equaton with relativels minor seasonal shifts northward during June to August and south-
ward durimg Decembet to Februars. The Sonoran Desert of Mexico and southwestern USA;
the Saharan Southeast Asian, the Nanub Kalabari of southern Africa; and the Australian

deserts all hie beneath these regrons of subsidence.

) ocahzed subaidence
Fhisas generally induced by major mountain barriers that cause uplift of humid air on their
windward faces, toliowed by subuidence on the leeward side. Westerly winds produce such

andity m western North Amenica, m southern Argentina, and parts of inner Asia.

e - s g - e e ——————————— . v
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FIGURE II-1. WORLD DESERTS5 16 18
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Katahan
Narmib
Sahara
Great Tanezrouft
Spanish Sahara
Southern Sahara
Libyan Erg
Grand Erg Occidental
Grand Erg Onental
Somal- Chalty

North America
—_—

Chihuahuan

Bolson de Mapin
Great Basin

Biack Rock

Painted Desert
Great Sandy
Sonoran

Mojave

Disierto de Altar
Baja Peninsula

South America
Pahdiiaillialich

Atacama

Paruvian

Monte Patagoman
Venezuela

Brazd

*Meig’s Climatic Code - A p. 1, 1,

Andity
£ extremely arid
A - arid
S semi-and
Pracipitation

a- nonseasonal precipitation

TABLEN-1. DESERTS OF THE WORLD

Code*

Ab23:Ac13
Ea22
{3.4x10m""}
Ea24
Ac23/24
Ab23/5b34
Ac13/Ea24
Ea24
Ea24
Ab24

Ab13/23
Ab13/23
Ac02:03/14
Ac02
Aa03
Ac03
Ac24.Ab24/Ea24
Ac23:24
Ea24 Ab24
Ea24:Aa24/Ab23

Aa12/'22
Ea23-33

Ab23-Sb23/Ac13-Aa12-Sa12

Ab33
Aa33

Asia

Gobi

Ordos

Ala Shan
Bei Shan
Tsidam
Gachoun Gobi
Takia Makan
Turkestan
Kara Kum
Kyzyl Kum

Middle East and South Asia

Arabian Desert
An Nafud

Rub’ al K'hali
Yemen

Negev

franian Desert
Dasht-e-Kavir
Dasht-e-Lut
Dasht-e-Margo
Kavir-i-Namak
Dasht-e-Naomid
Indian Desert
Thar

Australia

Arunta (Simpson)
Gibson

Great Sandy
Great Victoria
Sturt

Code"

Aa03
Aa03
Aa02
Aal4
Eal3

AcO4
Ac03

Ac14:Aa23-24%
Ea24/£a34
Ea34
20
AcO4-Ac14
Act3
Ac13
Acld
AC14
ACH

Aa24-Ab24

Ab23
Aa24
Ab24
Ac23
Aa23

. 16
~lanidity} (precipitation) (mcan low temp.)(mean high temp.)

b major precipitation in summer

T mMBJor precipitation in winter

Tamperature
0 <0°C
1 0°10°C
2 10°20°C
3 200 30°C
4 0C
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TABLE [I-2. COMPARATIVE CHARA

SONORAN CHIHUAHUAN ATACAMA/ MONTE: KALAHAFRI SAHARAN SOMALI
PERUVIAN PATAGONIAN NAMIBIAN CHALBIAN

TEMPERATURE(°F) K N

High 134 120 92 118 m 107 136 4 122

Low 0 -6 42 22 16 25 kll 37

Mn Daily Max-Sum 107 104 80 90 94 75 110 11

Mn Daily Min-Win 9-42 27-40 54 31 34 45 37 35 a4
PRECIPITATION

Annual lin.) 22 12 0 5 12 1 0063 [
INSOLATION [Max theoretical = 1322 w/m?/hr: Actual depends on latitude {Angle of incidence, cloud cover, etc |

Mn Daily Max.(w/m2/hr)
WIND VEL. imph} (Note 1) 5-8 58 14 2 24 47 4
HUMIDITY

Mn. Summer{% RH or

oP) 45-60 6872 62-66 45-66 n 91.95 5063 57 65
OZONE

DUST (Particle size < 150 um) Bp 120-126)
Natural {g/m?) {Dust concentrations depend primarily on wind velocity and height above ground surface. little vanation with respect to regions )
On Roads

TERRAIN (% of Area) {A)

Mountains 8 16
Badiands/hills/fms 34 19
Flats/gravel 24 39
Playas/salt flats 3 7
Dunes 0.6 18

Salt lakes, marshes

Total Area (x 108mi?) 05 0.18 014 026 0.22 35 03
CLIMATE (Note 2) A2 A1 A2,A1 A2 A1 A2 A1l A2 A1l A2 A1 Al A2

Fauna (Note 3)

Man affecting AR ARI| AR ARI| ARI| AR! ARI

Mtl. atfecting B1 ' 81 B 81 B1 B1 B1

Note ) Encludes tornadic winds
Note2 AR 70 38 Chmatic Dary Cycle Categores A1) Hot dry (A2 Bamc Mot 1C1) Basc Cold C2 Cold imaor minor areas’

Note3 Presence of demaging DOBONOUS Of health sMecting (A1 SDIIers SCOTPIoNs (R snskes hirds (11nsects ticks (M) ammals (| & M particular'y as disease vectors B Be tara Fong.
Note & inmgrificant within Y PG but nearby srea of 80 + mw? sveilsbie




APARATIVE CHARACTERISTICS OF MAJOR DESERTS

JARAN SOMALI ARABIAN IRANIAN
CHALBIAN
136.4 12 123 127
3t 37 19 4
no 1 105 108
37 35 44 38 24 27
03 6
4 3160

4.7 45 410 23
J0-63 57 65 5060 46 52
) with respect to regions )

16 1R

19 26

39 Yy

7 6

18 19

s 03 10 018
i2,A1 Al A2 AL A2 Al.A2
AR| ARt ARI AR|
81 81 Bl BI
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(1) Absence of ram-mducing disturbances
Steppe arcas, such as Fevas and Oklahona, may be raanless tor long peniods, even when cows
ered by humid air ott the Gulf of Mexico f no svarems causing uphifv of that humid air pass
through the region. The andity of Mediterrancan summer occurs simidarly, and an bath

cases, subsidence from the general vertical circulation contributes further to such andin

f1ivy  Absence of humd arrstreames
Some regtons of the world are just too remote trom regrons where humid airstreams esist for
amy precipitation 1o occur with any regulanty. The innerconnnental regions comprising the
deserts and steppes of central Avia are cut off from the humid monsoonal winds from the
south by the Himalayas and the Tibetan plateau, and only dry, cold air reaches them when
winds are from the north Western Atrica s subject to the almost unbroken dominance of
dry, mud-Saharan airstream Inosuch regions, onls hughly erra w atmospheric conditions will

produce rainfall.,
In summary, these factors resuttin the productbon ¢ the world's deserts, as tollows.,

3 Air and Ocean Current Circuiation

In North and South America. southern Africa and Austraha, the prevailing winds, both winter
and summer., are from the Arcuos toward the Fquator and from the west. i.e., onshore. The major Sahararn
winds are toward the south and west i the winter (offshore toward the Atlantic Ocean) and southerly from
the Mediterranean in summer, except tn the southwest regions where the wind is to the north. The Arabian
penninsula, Iran, and the Thar are subject to north and northwesterly wind« in the winter but west o7 south-
westerly to south winds in the summer  Cold ocean currents—-the Humboldt along western South America.
the Cahforma along western North America, the Benguela by southern Africa, and the West Austraha cur-
rent--coupled with mountain ranges in the North and South American continents, cause massive air drying.
Figure H-1. Air flowing through the other desert areas is predominantly from the Asian or eastern buropean
interior, originating inttiglly from the cold, dry Arctic regions. Any monsture 1t might acquire in passing over

intermediate forested or plains regrons is wrung out by intervening mountain ranges.
4. Topography and Terrain

Andity and temperature effects are not, perhaps, the most critical adverse aspects affecting mili-
tary operations 1n desert environments. Of major importance are the terrain and <oil conditions charactensu-
cally encountered in these regions. Numerous studies of these factors'* %21 22 have led to descriptive classifi-
cations that allow them 1o be categorized in terms in which difficulty of traverse or degradation of operation

in other ways is implied.

Deserts can be broadly categorized as sandy, stony, or rocky (1bid), but in relation to defining the
physical characteristics upon which limits of operation of military materiei can be established, much more
detail must be considered relating to mobility (trafficability, surface roughness and penctration, slope. pro-
file): dust and obscuration; cover: or concealment. These have been expanded under the following broad
types to include clay deserts and subclasses in cach category te provide more descriptive defineation:

a. Sandy Deserts

1. Sand sheets

2. Clay pans and gravel deposits




3 Sand dunes

4. Heterogencous deposits

b Giravellv Deserts (predominant type)

! Desert pasement (gravel-covered plains, serir)

2 Thin gravel veneers (hammadas)
3 Alluvial outwashes and valleys
4. Ciravel terraces
S Gravelslopes
. Stony and Rocky Deserts
l. Rocky surfaces
2. Rock-and boulder-strewn surface
1 Pang yang depressions
4. Lava flows
s, Steep-sided hills, mesas
6. Rounded hills, low mountains
7. Badlands (malpais)
8. Rubble-covered surfaces
9 Dissected plateaus, cliffs, escarpments

d. Clay Deserts (limited occurrence)

1. Clay plains

2. Clay pans (playas, evaporative residues)

3. Clay slopes (shale-derived)

4. I'roded clay landscapes (clay terraces, yardangs)

5. Saline and alkaline pans or areas (evaporative residue)

6. Miscellaneous (kavirs/salt beds, beaches, etc.)
e Mountains

1. Ranges

2. Block mountains

RS Volcanoes

4. Domes, inselbergs, buttes

T'he geology of the desert areas of the world is essentially unchanged over the past 10-50,000
years, with few possible exceptions (Rift Valley, Africa). The mountains, hills and plains and the drainage
basins found today in desert arcas are the underlying structures of these areas as they have existed for
millenia
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Chmate, on the ather hand, has anquesioonabie haneed paymars of these regions ™ The pro
duction of allusial outswashes of tans, ciosod landscapes, clay o kahne panis, gravel and rocky floorsund
other typical desert terrain s the outoeme of both carher wertter Comate and Tater, charactessuically itense,
desert rains after denudation occurred Atrer precipitation dropped cattioentiy 1o cause andsty and o Lanye
to spaise desert vegetation, aeobian toroes caosed turrher denudation s d scomnmg of sorl trom the wravel and
socky sub surtace and tie producion o and dunes gt tvpiead desert oo B aes HE AT H S show
the desett terram stracruies restt e when water b pot absorbed inte the sorl but washes freehy over the sur

face and wind s not obstrucred by vevetaton

T these anid wieas ddovd cover i vrtualiy oonevistent Do ong peniods, thus solar raduation
Onsolation) reachimg the vround o~ hieh, bur radicton co the shy at neeht s aiso gl Not oniy can daviime

By cowrde vanations benween day and ngh tem

travimum an and ground sarrace rempoianes Bt
peratures can occur The rosuiamge Cvpan conandcontrachion o sacba e faver s o many stens materels Jdevel
ops spalling and crackime and the prodo oo o et tlakes and even dusts casih mosed by hivdrashic or

acobian torees

Vartous sodb rvpes Pave e oen s peceniaadly adverse ertects i terms of dust genergiion and
eroston of surface sorbs by moted sebde tatte o ae cradtdow nwash or naturathy by thewand There s a waide
range of parncalate sizes charastensto ol vanous sotl consteasnts, and some types of sounee maretiels dte

much more abrasive than cihere

Because sand and dust oo wadely disooouted constituonts of the desert ensironment, then
potentially adverse cttects masi be kept constanthy i mnd i desgnating mibirany equipment and be speat

wally evaluated o testimg ~acn matenial tor s satabihiny for operatnonan the Jesert

ihe Indus salley was moach werrer sad biphoy ceerorred) s has been cont saed By opollen studies showing open woodiand speaier

reaaes amd shrabs sosne SO BE Atter Src B oontocene tend of the aast © ee Age v about 2 08 BE gond b 4 o BE cnere desel
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Pable TE 3 vctuie s Grassartication s tof thie deserts of the world, hut 1or purposes of
aateral desivit ar operaion oo et e e aecded bnore teliowaing discussions, detaded himas of
desert characteristios wii be procented A ot thiese data, taken fron tabulauons found i reference cources,
are consohdated here to facartaie thee avaadabiiny . but s taghhy recommended that the referenced sources
be consutted foran depih oederstandme of ther deonon, constramts, and ettects. Although AR 70 38 ¢y

rabliches the caamane - o e 0 thae weesel g tmeet, the data m the tollowinyg tables provide a compre-

henave view of the bava s et cp b e tac s and mas provide support for the emphasas cor deemphasis)
at certnn tadtorm o e e 2 e nen e n
S, Desert Terrain Clasafication

DPreseris wre corpecd ol g preat ety L e v pes o component terramn strygoiures, Fhese

camponents can be gathered under Core vooa the e for des rptove purposes. | hese include mountains,
badtands and b tancand woo o o e e cand wed dunes and tields. Bach heading s dis-
cussed mnmore detaont bolow Toe ron S wne ne s eannratne descripuons and possible further

breakdowa s seterred 1ooche phosiovt e 0 ccat o Boataenaeed by the Corps of Engineers Waier

WAVS Eapenimient STa W B N ycheba N L o oot er semibar terraim and geomorphie studies

The WES landscape cras boan s oo onoa oot dunt oode Thee four digats can be used o
describe crther component ot vros Do doape, Fooens H e ne toeso digre descrrbes the charactenistie plan pro

file av shownan Bigure HE7 b second red aned tone b i descnbe thie slope occutrence, charactenstg

slope, and characrenistic relict e paelv e i 3

Many ot the world et Bve Boen s ped by WES nterms of these Tactors. Fhese maps are

avatlable tor reterence andt one b e plannn
d. Characte st fian Pror i

Lhe charactero o pian e hibe s thie et commmonn jound plan profile within a region. It
may be either gross o sestictive A pross plan protile s one that can be saubdivided imto swo restrnictive com
ponent plan-profiles, cac b eddobitimg rehier of o lower arder than she wross plan-profile. Random samphing
with circles 38 anles 056 b diamerter as nsed i docemming the gross profie. Random sampling with
arcles Foulde ¢io o ki diamete: ssused todeteraae the restoetve plan-precile L ocal reliet of less than 10

feet (3 m) s ot consido od

h Representative Piar Pronic

Fach of the block dracrames dbgure FE T mblnstates @ landscape representative of a specific
plan profile tvpe. Boshould be emphaszed thato within the detined imits ot cach tvpe, a wide varnety of land-
weape contiguranon are posstbie
B, EFFECTSOF DESERTS ONMATERIEL
1 General Effects
Ttos ot anterest to the o aowel oo e aeer of mihitany eqinpment, to hnow how the desert

epvironment as be cvee sed te et - o materabs and mechamesms parnculardy inasmuch as adverse

ettecto may be enconntesed

e E———— . —
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TABLE I1-:3 TERRAIN FACTOR CODING

Factor Description

Slope Charactensty “ara tenste
Oucurrenc e o Hpbat 't
Spar 10 rmites Heg Type ! Ty
LSe g Oty Ty dnpte foneth gyt
- T . =
~ x 3 .: b - - . - ’: E B -, r = ' B
Factor $ M a:: = h N “ s 3 a 4 . 2 ;
Lode . I R . I R —
" X x
ta x I
b x ;
2 4 b : x
3 . X x
4 X X x
L3 x x | N
L] x x x

Marry ot tha work! § deaars have Devn Mapned tny WED ¢ e s of thes factors Theme o are avalkabie for itorsns e and speoaaized DIy, =

Some of the environmental factors charactensue of desert operation have immediate etfect on the
operation of equipment: difterential expansaion of component parts cauning binding or interterence. Jogging
of dust filters, and overheating of components: other eftects masy be cumulatinve. aceelerated aeing caused b
UV exposure, accelerated fatgue caused by higher temperitures, and «oftemng of plastic components. Mamy
deleterious effects are synergistic —i.e., the result of combinations of environmental {actors that appear in
nature. Many factors may, on the other hand, be constder~d av independent of cach other even though chey
may be concurrently expenienced —ce.g., lugh solar radiation and high wind velocity or lgh anr temperature

and heavy dust concentration.

Table 11-4 delineates arcas of degradation tha® may occur i component svstems, as affected by
adverse desert factors or induced environmental condion.. Table H-S indicates how speaitic types of mate-
nals may be adversely affected by environmentally induced physical o1 chemical conditions e g, ramfall or
high humidity inducing biochemical corrosion of surface matenals or sunlight (UV) cauane hardening of
plastics or fading of fabric dyes.

Finatly, Table 116 lists the principle effects and corresponding deficiencies induced by speafic,
singular environmental factors characteristic of desert operations. The majorits of these effects and fanlures
are relatively strarghtforward with respect 10 cause and effect. The inclusion of high relative humidity and
ramn among desert environmental condinons should not be conadered illogical. Rain does occur an desert
arcas, frequently n torrental, ¢ven though short-hived storms, with consequent flooding, Jdeep mud, salt
marshes with salt sprav, and short-ived high humidics . Atmospheric moisture can result in water condensing
and collecting 1n enclosures when temperatures at might go befow the dewpomt. Humidity, with resulting dew
formanon, is generally not a problem on ¢exposed, open surfaces, as may be observed from SO-sear-old tin
cans along desert roads, but it may be a problem 1n poorly ventilated chambers, such as fuel tanke; storage
tanks; flotatton chambers, mctal cabinets (particularly v storage), and amitar enclosed anr spaces that
“hreathe’” with changes in air temperature.

More detatled discussion of the effect of adverse levels of these environmental factors may be

found in other data sources 21420 2020 I gg rongly recommended that users of this document fambanze

themselves with that mmformation because it 16 not conadered feagible 1o repeat such a voluminous, compley

Ry
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TABLE 1 4. EFFECT OF ENVIRONMENTAL FACTORS'

Majo ettedt duses
Meachataoac 1amayge idetormaton fra ture fabigue joss of strength Temperature hurvdily  water cdin wird oading and 8ir pressure
nange tatgte L hange oluss osty for ads? DIOWIg SaNG Nt gt teicam she v vtraton svpact  nacroino

logre Al organisins stiock wilbaabor o miscation sola iahiate

LAt at Jamayge rdetacoration Carasian spostage’ Temperagturn bumudity  fng  salt tog  sait wate: and spray,  rAvs

BIONe v potiutants Mool dl Srgansims

MObiIty r8di, LU tumbe:tmens trappioy 108s ot rachan e Show  mud wet salt flats sand rehe! tupography! rocks and
boudlders etatian grade water step tunction interfaces o the ter
ram

intartarance Ram' snow murages daskoess terran ouds dust storms  vegeta

Qe gl veduc ton Ot wisility 0SS OF UGN ATONSE DO WATST L Ovenng 1e s CoOunTeImBasuIes
blec tromagnetic incnophcall Cgtinng  terrain rotating machinery  Sle tiomaygnety puises trom

COed Wweapons  @ie: rosTatic (hscharge < ommunk ahor  1ade ang
IBIPY SINT SOURLES  MICTOWAYe Scurces  (3dar  iaser  Uansmissior

s adustng! equipmeant:

Adie Guoctre explosions rotatoiy machunery v gton of matene  vpadt
or shock pf matenel  thunder  trathc construchion axhaust novse

toam angines

*Amended
TABLE II-5. MATERIAL DETERIORATION AGENTS'?
Matenal Agent
tergann
Metals Mehamicat erosion «heancatly nduced coreosion  electrolytic provesses
age hargening stress deteaorahion expansion cantraction
(Glasses Acting processes physical and ¢ heoucal weathering  ergsion  gbrasan
M cabioloQical erosion
Qrgarnic
Rubiber Oxidaton 100onet 10ss ¢t plasticizer high temperatare (Contimged poly
menzation' mMernhologied attack  stress detenoranon
Prastins ! Chemical attack 1sehvent vapors actimie processes hardening fading
. mucrobuotoqical attack  mechanmic al stresses sotterning  continged poly
meazaton :
hls and greases Chemical dissociation mucrobiologieal attack  evaporation
Wood vcelygiaae Biologueal attack  warping sphtting  delamination trologreal attack  ac
tnie processes fading thermat detenorat.on
{eathe L Mechaneal atasion  thesmal detenoravon  tdessication  aging  crack
L ng! thologrcal attack thactenat amimal fungab

*Amended




TABLE Il 6. SUMMARY OF MAJOR ENVIRONMENTAL EFFECTS'®

Environmental factor
AR 70 38 Litutt

High temperature 1129 F

operation 160 F storage!

Low temperatute « 40 F storage

25 F operation without aids!

High retative humidity (Oew
condansation 100% RH

Low retdtive humedity

High pressgre

t nw prassure

Solar radiation

Prncipal ettects

Thermal aging
Oxrdation
Structural change
Chemical reaction
Sottening melting and s gt e
VISCOsiIty reduclion d4nrd e, apara’

Physical expansion

INCIeasec viscosity and scind:fe at.on
Ice tormation

Embrnttiement

Physical contraction

Moisture absorption  water
collecting +n poorly ventlated
enclosures
Chemucal reaction
Corrosion
Electrolysis
Brological propagation
Bactena!

fungal
Dessication
Embnttiement

Granulation

~ompression

Expansion

Qutgassing

Reduced dielecttic strength of ar

Actinie and physico « hemycal reactions

Embritement

19

Typicgl ta! - es inc c8d

Inse.@lv 1 Y3y 3lteegts v N plec g
properties a'terstor Pty erties

NACIg crA kg

S ‘a3 L

L (L LI R E N T SR S OTN
B " PEY Y VT RN SL SN PO P
R T T B )

Loy ot

ALY 1 Ia LN LA G TN
Atpaqron ateec v eces
Loss ot et ga g stre Gt 4
fract e

Sty tLralfgiare 0 ngse Y wge

TGN DATTS

fywﬁw-r\; cupt e ot Container nhe sy

bregkdown ioss of etectri 3 strer gt

logs M mechanical strength
intertprence with tunc hine tuel contaminatiorn
Loss of etectrical properties

inireased connuc ity ntinsylators

Loss ot mechanical strength
Steuctural collapse

Aiteration vt electncal properties  Justing

Stractural collapse seal penetration

nterterence with functuon

Fracture of container. explosive expansion
atteraton of

electncal properties. loss of

mechanical strength

Insytation breakdown and arc over ¢orona

and ozone formation

Surtace deterioration. ditferential

expansion alteration of electrical




TABLE 11-6.

Ervirono antal ta tor

AR IR Lemate

DU e el
Sand and dust Abrasicn
Clogging
)
Salt Spray vncluding satt dustin Chemicai reactions
soastal areas and salt beds Corrosion
Electrolysis :
|
- —— e — — - h._,_+
Wind Force apphcation 1
| |
i !
i Transport of matenals
" Heat transfer
I
1 Loss {low velority) !
\
Gair thigh velocity) ,
A
Ramn

Principal ettects i

Heat-ng rdwec tonal:

SUMMARY OF MAJOR ENVIRONMENTAL EFFECTS (Cont'd)

Typic ai tanures nduced

propecties discolurat.on and
fading of matenals orone

formation

! Physical stress "
1 Water absorption and immersion |
I Biological propagation |
Bactenat ‘
fFungal i

) Erosion

Corrosion

Mud formation

ircreased wear

Interterence with function

etching of vision devices blocking Moving elements
a'teration ot electrical properties. erosion

o' surtace coatings

Increased wear. loss of mechanical
strength aiteration of electrical
properties interference with
function

Surtace deterioration structurat
weakering

tncreased conductivity

Structural collapse interterence with

function loss of mechanical

strength

Mechanical interference and clogging abrasion accele

rated

Accelerated low temperature effects
Accelerated high temperature etfects

Structural collapse

Increase in weight

Structural weakening

Accelerates coohng

tlectrical fallure

Removes protective coatings, structural
w akening surface deterioration
Enhances chemical reactions

Mobility reduction

Watar immarsion

Corrosion of metais

i
;
I Chemical detertoration
i

High pressures (13 b at 30-ft depth)

40
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Structural weakness seizure of parts,
contamination of products

Dissolving out and changing of matenals
Mechanical damage




TABLE 1 6. SUMMARY OF MAJOR ENVIRONMENTAL EFFECTS (Cont'd)

b nviconmental tac tore

(AR 70 38 Lt

Hiologie at
insacts and bactena

Anunals

Fang

Tampearature shock

ik ian magr temoarature chdngas!

High spead particies

tnuciear irradidation)

Ozone

Eaplosive decompression

(issocatad gases tex
haust gases missile and ammu

mtion propellant gases

Accelaration

Vibration

Magnaetu. helds

Etac tromagnetic Radiation

{Rf to microwave)

Prncipal etfects

Penetration nto equipment
Nibbling 0y arnimals termites

insectlarva and adults

Growth ot molds hyphae

Mechanical stress

Heating

Transmutation aind 1ormzation

Chemucal reactions

Crazing craching
f mbnttlement
Granulation

Reduced dielectric strength of ar

Severe mechanical stress

Chemicat reactions

Contamination

Reduced delectnc strength

Mechanical stress

Mechanical stress

Induced magnetization

Induced currents

41

Typcal fattures 10940 e

Blockage ot small parts caeters et
Damage to plastc Cabies ut other
organic nsylating mateadls causing
sharts structurattangre ot

Wood Ctoth and papetr elements

Darmgge 1o opl dl eguipment leakage paths
g e e i uts o kayge

ot smatl parts meters et hreakdown
sl Bane gl strength -4 ali orgara matenals
Jisietegration s P woog paper goe! o ioth
Doy tardl. ollapse ar wedkening tunading

oty partts S8ai gaMmaye

Therng gging chermd' reac o
oty mengzation

Ateration of chemical physical and
eledtric @l properties produchor

01 Qases ana se: uNUdry particies

Rapid axidaton fading

Atteration of chemicd!l physicadl ang
vlectncal properties

Loss of machanical strength cracking
interterence with function

Insulation breakdown and arc ovet

Rupture and cracking structural

collapse

Alteration of physical and electrical

properties

Insulation breakdown and arc over

Structutal collapse

N - o —
- Interference with function increased wear

structural collapse
i e o ——
. Interterence with function

Alteration of electrical properties heating
b .




discussion here, even though its understandmy s important 1o the subject of mateniel tesung in the desert

cnvironment

Itrespective of the atterig charactenstic ot desert environments discussed i the previous section,
the hmues of these tactors as dehimedted i AR 70 38 are controlling tor the determmation ot the pettormance
of Army o matene! i the descct envionment and must be observed. The AR 70 3K it salues Tor those ensi
ronmental tactors covered are shownan Fable b and Secuon B toamdicate tovels of theae factors that must

be met without adverse eftedts on the cquipment ander convderation. Other factors not indduded i the

prunanly chmatological concerns of AR 7038 gre those relating to topographical or terran effects, such as
mobthty of veticles ~emplacement of aruflery preces and preparaton and concedlnent of storage site
tcamoutlage) or artllery and rocket warhead impact etfecoy o which the peametry or phyacal charactenstics

of the sorbare of major nporiance

In general, most vehreudar problems cncounterod i tne desert environment aie - aased by ~and and
Justand by extremety high temperatures, Deep sand and powdered oy and thiemfiltraton of sand. dust, and
grit cause personnel problems as well @ probloms with wohicle mobihiny and the operanng medchanismes ot

vehicles, Figures T8 and H -4,

Prneumany tres tor wheeled vehicles and soiid rubber road wheels tfor tracked sehicles are
sertotndy afltected by heat banid up Thes trequentts experience blowo s or chunking (tread separabon) when
operated at higher speeds on hotpaved and gras el roads and are readily cut by ~harp edged rocks when oper-

ated off roadwavs, Frgures 1D 10 through 1114

[ransmissions and engines farll much more raprdiy than i iemperate uses because of increased
power requirements, as well as the higher temperatures. Batteries detertorate more rapidiv because of the high
temperatures. Contamination from tungal and brological wrowths and parniculate matter in the form of dust

and grit iy asertous prodem, partrcedar!y with fucts and luboicants

FThe presence ot bactenal or fungas contamination s seldom expected in the dry environments typ-
ical of desert region-. However o m pooriv ventlated enclosures, such as fuel tanks, oil reservoirs and the hike,
monture condenses from the air inside these vessels when nghttime temperatures drop below the dewpoint
Such monture masy not be re-evaporated during the dav because of the lack of ventitation and builds up suffi-
ciently to provide an envitonment highly conducive to bactenial and fungal propogation. Numerous instances
of internal corroston of fuel line blockage. injector biockage, and lubricating failure have been traced to this

SOUTee.

Engine probiems i diesel- powered vehicles ar YPGLinone instance, revealed the following orga
nises 1o be present i the fuel and assumeddy onginating from the vehicle fuel tanks. 1t must be noted that

water must be present for these organisms to be viable: ™

Bactenum Mseudomonas (alcaligines, pseudomallel, aeruginosa, cepacia)
Bacterium Baccerlus

Fungus Scopulariopss

Fungus Aspergitius

Fungus Penrcilhum

Fungus Fosarium

Fungus Candida

42
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FIGURE 11-8. PROTECTIVE RESPIRATOR AND GOGGLES REQUIRED FOR OPERATION IN
EXTREME DUST ENVIRONMENT

FIGURE i1-9. TANK THROTTLE LINKAGE BEARINGS -- CONTAMINATED WITH DUST; CAUSED
LINKAGE TO BIND

4




FIGURE II-11. TIRE CARCASS FAILURE RESULTING FROM HIGH LOAD. HIGH SPEED AND
HIGH AMBIENT AND ROAD SURFACE TEMPERATURES




FIGURE II-12. TRACK PAD BLOWOUT

FIGURE 11-13. SECTIONED TRACK PAD - INTERNAL DAMAGE (BLOWOUT) CAUSED BY HIGH

TEMPERATURE OPERATION
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FIGURE Ii-14. TRACK PAD— DELAMINATION OR BOND FAILURE CAUSED BY HIGH
TEMPERATURES DURING OPERATION

Fungus Alternario
Actinomycetes

Organisms of this type, which are commonly associated with soils, can synthesize chemical com-
pounds that are corrosive to metal parts. They are generally restricted to the water-fuel interface. There is
some possibility that water in fuel tanks may result from rain or vehicle washing or stream fording, but these
are unlikely in desert operations; the above mentioned condensation of airborne moisture is considered to be
the predominant factor. "

Forced ventilation is needed to provide clean, coo! air in enclosed spaces and to maintain proper
relative humidity for human comfort. Ventilation equipment frequently does not completely filter fine sand
and dust from intake air, resulting in damage to equipment and to personnel, especially in moving vehicles.

Problems of photographic equipment in desert regions are those of high temperatures, which
cause changes in processing variables and rapid deterioration of both unexposed and exposed film, together
with dust infiltrating cameras and film processing equipment.

Shelter in desert regions is not as critical to survival as in artic regions; yet, in many cases it must be
provided for protection from heat and high solar radiation. Problems with electronic equipment in desert op-
erations involve the high temperatures induced by solar radiation when added to normal operating heat
sources. Hot spots develop around operating components that dissipate heat and are further aggravated by
direct heating by solar radiation. Fine sand and dust contribute problems by infiltrating mechanical moving
parts, causing excessive wear, interference, and jamming of equipment. Generally, in desert areas, electronic

46
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cquipment must be provided dust-free, cooled air to mamntain operational rehabihty Fable I1-7 presents some
of the difficuities produced by the desert environment on varnious types of ground support equipment

Summer desert tests conducted at the Yuma Proving Ground on the performance of vehicles and
equpment revealed many problems resulting from severe mechanical and thermal stresses imposed by desert
operating conditions. Although solutions for these problems were, in general, not difticult, the cquipment
would not have performed sansfactorily in the desert without corrections for these defects benyg revealed by
the test programs.

2.  Specific Effects
a. Vehicles

1) Mobility

Mobility testing of whecled vehicles indicates that decreased tire pressures increase ve
hicle mobility, enable vehicles to climb steeper grades and longer slopes, increase tractive effort, and decrease
resistance to towing in soft soils and loose sand. In addition, comparative tests between single- and dual-tired
vehicles of similar types reveal the superiority of vehicles equipped with large. single tires in traversing deey,
loose, sandy terrain. In tests at Death Valley, California, the mobility of the T43E1 tank was hampered by the
protruding gun striking the ground when traversing gulleys, not uncommon in desert arcas. This can be a
problem with vehicles carrying long-barreled weapons in either the *‘ready’ or “‘stowed™ modes.

(2)  High Femperatures and Related Problems

Most vehicle cooling systems function satisfactorily during desert cooling tests under
moderate stresses consistent with normal road load conditions. With more rigorous test conditions, the cool-
ing systems generally do not function satisfactorily. The cooling systems of tracked vehicles are generally ad-
equate for moderate test conditions but not for more rigorous conditions,

Table I1-8 summarizes the full-load cooling performance of a cross-section of vehicles
tested prior 10 1973, It will be noted that many show excessive temperatures under this operating regime. In
most instances, these inadequacies were of degree rather than outright failures: i.e., exceeding cvlinder head,
transmission, or gear lubricant temperatures when operating at full output at very low road speeds at imiting
ambient air temperatures. L.ubricant breakdown results with ludge formation, reduced lubricity, and load
carrying ability, Figure I1-15. Higher road speeds, even at full throttle, would bring these temperatures down
as would also reduced road load, i.e., reduced throttle. In most instances, these conditions were rated as
shortcomings rather than deficiencies.

The M60OA] tank showed transmission o1l temperatures would exceed the 00°F
(149°C) hmit at ambient air temperatures in excess of 115°F (467 C)at 2.7 mph in low range. In another test of
the XM tark, using fucl having a flash point of 1457F (63°C), fuel tank temperatures of 1589 F (71 () were
measured at 104°F (40°C) ambient temperature. When fuel temperature 1s above the flash point, volatle
gases are present in the fuel tank and would be released in the event the filler cap were opened. This would
create the possibility of a fire if an ignition source were present and negates the inherent advantage of disnl-

late fucl over gasoline in preventing fuel fires in combay vehicles.
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FIGURE I1-15. DETERIORATED LUBRICANT DEPOSITS ON TRANSFER CASE GEARS AFTER
12,000 MILES AT HIGH AMBIENT TEMPERATURES

In one desert test, only a few tyvpes of gasoline-powered, wheeled vehicles equipped
with engine-mounted, vacuum fuel pumps could be operated without vapor lock occurring During another

test, the only wheeled vehicle found acceptable at high temperatures was one equipped with a submerged-tvpe
electric fuel pump. In general, the replacement of the normal, external pump with a submerged-type pump
eliminated vapor lock. Most main engines (gasohne) i tracked combat vehicles tested at Yuma appeared to
be immune to vapor lock, but the auxiliary (gasoline-fueted) engines with which they were equipped experi-
enced severe vapor lock and required major corrective treatment

Asof 1980, vapor lock problems have iargely disappeared because of the use of diesel
engines and submerged or in-tank fuel pumps. Gasoline 15 snll prescribed as an alternate fuel for multi-fue!

engines; however, the technigues developed for correcting these deficiencies in the past can be applied in any !
future developments. Further, such techniques must be conadered not only for vehicular applications but for
any engine-driven equipment. such as portable construction, pumping, air compressor, and power generator
applications as well.

Trached vehiddes, particularly those with light-weight band racks, are subject to track
misguiding and breakage when operating in loose sand and rocky terrain if track adjustment is not properly
maintained.
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FIGURE 1-16 HIGHEST TEMPERATURES | FI AND SOLAR RADIATION (LANGLE YS!
OBSERVED WITH THE M60 TANK DURING CESERT STORAGE CONDITIONS WITH THE HATCH
OPEN 7 SEPTEMRER 1973
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FIGURE 1-17. HIGHEST TEMPERATURES (°F) AND SOLAR RADIATION (LANGLEYS)
OBSERVED WITH THE M70 TANK DURING DESERT STORAGE CONDITIONS
WITH THE HATCH CLOSED, 11 SEPTEMBER 1973

FIGURE 11-18. TANK COMMANDER'S CUPOLA BEARING — ABRAIDED RACE AND PLASTIC
BALLS FROM DUST INFILTRATION: PREVENTED CUPOLA ROTATION
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FIGURE i1-19. ROADWHEEL DAMAGE (TIRE SEPARATION, CHUNKING AND TRACK GUIDE
WEAR) AFTER OPERATION ON LEVEL CROSS-COUNTRY COURSE

FIGURE 11-20. BRAKE WHEEL CYLINDER BOOT — SOFTENED AND TORN DURING HIGH
TEMPERATURE OPERATION
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weapon system, added to normal sehicle heat, would make condisons mtolerable, if closed up Dust jamimed
the actuator valve of the mightsight cooling bottle, putthing the sight out of operation. Dust jamimed latches on
the cargo hatch and caused the locking pin to bind. Desert veyetation knocked a grenade storage bov off the

side of the vehicle

Anartculated constracuon vehicle havimg g power section and alternate work sections,
“Fannly of Military Fngineer Construction Fquipment” (FAMECH), expertenced a number of deficiencies in

test operations on the dust course and roads: ™

. Sand. dust and gravct on the coupler frame housing and lock ring shding surfaces

interfered with lock ning rotation

. Cab tloor temiperatures, extrapoiated o 123 1 (52 O}, reached 224 F (128 ()
under full load operatrons: 193 1 68 C) under road load; and 190 b (8% C) dur-

g carthmoving operations

. Mornsture condensation in the compressed anr svstem caused rusting of the guick
disconnect futngs tan check valbves) and tatlure to close. Consequent air {oss

vaused brake tathure,

Most caohing tests are conducted on the dvnamomerter course tmavimum loading con-
ditions) or cross-country or on the highway (road-load condinona, Ananteresting addition 1o «uch operation
v that amphibious vehicles, such as the US M C IV PT Figuwie i1 23 musi cool adequaicly winle swim-

ming ip water at 98 F (35 ().

Tests are run on the dust course both with arother vehicle closely i front o the test
vehicle and with the test vehicle alone to determine the efficiency of engine air cleaners, Frgures 11-22, 1123
and 1117 Insuch an arr cleaner test, with no lead vehicle, an M60AT tank. which can obtain ws engineantake
air from the crew compartment, was compared with an XM (developmentah wank . which obtamed ity com
bustion air through engine compartment grilles. The MoOAL tank was operated for 8.1 hours before the au
cleaner restriction dropped to 25 in. (H,0); whereas, the XM operated for only 63 minutes Ina second tnal.
after cleaming the filters with compressed air, the latter ran for 80 minutes. This comparnison s ated toallus
trate the difference in serviceability that can result from moving the combustion air intake to a locatien where
dust surrounding the vehicle 1s munimal. Fyen bad there been a teading verticle, the dust concentravion at the
level of the M6O0AT crew compartment intakes would have been lower than at the level of the XM intakes

h. Weapons and Related Componertts

Most weapons tested reguired special emplacement on the gravel and hard-ground terrain
found in the desert environment; however, the 105mm howitzer seated satisfactorily i all tvpes of desert ter

ram.

One of the major problems of ground-based weapons has been muzzie blast (or breech blast
in the case of rocket launchers and reconlless weaponsy, Figure 11-24. This presents an almost insurmountable
problem of secunty from observation and, particularly in the case ot artitlery and tank guns, makes obser
vation of fire effect most difficult. Beades the probiem of changes in balhistic Charactensues ansing from high
ambrient remperatures, clevated temperature ot propeifants and an densty changes, which can be compen-

sated far more or ess sansfactonty, other effects such as exudavon of explosive filler i ammunition are not
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FIGURE 1i-21. AMPHIBIOUS VEHICLE OPERATION IN HIGH TEMPERATURE (>90°F) WATER

FIGURE Il-22. DUST CLOUD TYPICAL OF WHEELED VEHICLE OPERATION — OPERATOR AND
LOAD SUBJECTED TO HEAVY DUST CONCENTRATION
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FIGURE 11-23. TANK OPERATION ON DUST COURSE
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FIGURE (1-24. DUST CLOUD GENERATED BY FIRING TANK MAIN WEAPON. SHOCK WAVE
PRODUCES DUST ALL AROUND THE VEHICLE AND BLAST WAVE RAISES
SUFFICIENT DUST IN FRONT OF CANNON TO OBSCURE VISION OF TARGET.
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FIGURE Il 25 EXTRUSION 73 P OSIVE TILUR ARDGNC FUSE WELL A TER OPEN
SLUOHAGE AT HIGH TEMPERA TR S




FIGURE 11-26. EXTRUSION OF EXPLOSIVE FILLER AROUND CLOSING PLUG AFTER OPEN
STORAGE AT HIGH TEMPERATURES




FIGURE I}-27. SMOKE POT FUEL BLOCK - AFTER 5 YEARS STORAGE IN THE DESERT WOULD
NO LONGER FIT IN THE SMOKE POT BECAUSE OF EXPANSION

FIGURE 11-28. MACHINE GUN MOUNT LEGS FAILED




FIGURE {1-29. 40 MM GRENADE LAUNCHER DUST CONTAMINATION
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FIGURE 11-30. DISCOLORATION C# MET: i £ ACE (LEFT) OF CHEMICAL AGENT DETECTOR
KIT AFTER 12 WEEKS STCHRAGE COMPARFED TO STANDARD UNIT (RIGHT)
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FIGURE 1-31. DUST CLOUD DEVELDPED BY CARGO A'RCRAFT OPERATION FROM AN
ASSAULT STRIP (REPRESENTATIVE OF FURWARD AIRFIELD IN A DESERT OPERATION
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FIGURE 11-32. DUST CLOUD PRODUCED BY LOW ALTITUDE PARACHUTE EXTRACTION
SYSTEM (LAPES) DELIVERY OF EQUIPMENT I

L e

FIGURE 11-33. DUST STORM CREATED BY HELICOPTER ROTOR DOWNWAGSH
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FIGURE 11-34. DUST CLOUD PRODUCED BY CARGO HELICOPTER OPERATION

FIGURE 11-35. HELICOPTER ROTOR TIP EROSION CAUSED B8Y DEBRIS IN THE AIR STIRRED UP

DURING NAP OF THE EARTH FLIGHT OPERATIONS

66

— T e e e e

b DR o A—J



High trmperatures cnand s v v o i o o oy attecbanraratt g e Lhe

ceduction i air density with elesated ter por e redinosos Tie St capattety e e SUh that coembad

TAnge, Ccargo capacity, of mumtons foads s fec o redecroased Plee bt struciares of e o 4 heat
rapidly from the effects of high ambient wir tempecatare and ol rae ation, and especially when the airorafe
s on the ground. enclosed, pooris vevtilined spaec anceadtvensy b temperatores A previonges i ey

mn relation to WEAPONS SYSTCI ] Clociiorhe o Dl Corines T gty e Clhiosed ety

| . ;o
[EPRR G R R

functions can and do result

d. Construction. Gencaalang sepge s bolopen
These clias~es O cqupmien: ol - o ae G Hr et gt el d
() Travteors e oD P P
12y Water rreatinesn? ot
(3) POIL storage and oo o e
() AL COMPIEesani= i dhd v s
(S LU POswer Ruhivi e ety 0 Y )
() A conditionng ol ot e v nroe

() Food prepanation eoaimant seats, Do
(8 Liottorees, bodds oraaorn
(9 Portable shedviors. ofiee v

(10} Cameras, tape ooondeie Gl iy pon 0y e

Much of thee cornpn v e i e A vl s B L D L e s e 2
r

lems as vehicutar materiel, Fogure 8 5 0 mdns rans oo endis ons g s e wtbed on e prorabl
cquipment to provide weather prorecior, rodes o o procon R o adianens however s wreal cdre s

excryrsed (0 ensure that ~uch enciosares 0 et capor e coetbosnny prentemes an B wmbyens tomipesdtate.

and that cooling air far the enciosed eneine o radia v s pdes ek Chicred 1o provent Jove e o veohing

fins and that 1t s of adeyuare volume. 1t tien’d be socowmreed ot saomars cquipinent. oven though porta
o

ble, must be fan-cooled and may be aovorels atfo g Bouer oo s A derection as welac velears b eares
H " and 11-38

Inadustiestof @ 10 kw gascnrhos wenearor D f roomg of combustion air and o hision of

weore obhenved:

dust from cooling air were inadeguate, anug the foifow me ded

a. After 1715 hour (iad 5 haeurs of moderate ca-t 8 hours of extreme dusn). the tar

bine wheel broke (not pustiely eviablished G uatrclaredy Found upon disassembly

I broded tarbme sieer et
2 Froded mlesade o ot funey biads
3 Froded e om0 By a0 G it el i et a g
h Compresse Tevgie b are s g e clocked, vy fiel conttoi o operdte o

properis. Oueput ccdieed o 0N bw o keepy exhate was temperature trem sxyeeedine

Maxnum i

S Improper v seare  wead g cieanes abowed dast o Ranid ueom bottom ood tuhes of

alt Jledana and e o a




-
o L
o et
! 4 z
I M W
. <
e .l _ | il
M , 2 gy 4 -
o .: - N _.H:, LD : . mm
R O T _,_.Hww.:_,w_,.?_ b 41
et [RTR H T
R 23 )
L R
SR 1o 3
| ATTTE RE T
RN A s«
TR
St ::r: WL

| S ‘ |
v ~ v ._:;:::,




FIGURE 11-37. 10 KW GENERATOR SET PLACEMENT FOR EXTREME DUST TEST

FIGURE 11-38. 10 KW GENERATOR SET DURING EXTREME DUST TEST
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FIGURE 11-40. PLASTIC SAND BAGS — AFTER ONE YEAR IN OPEN STORAGE
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11 U.S. ARMY YUMA PROVING GROUND
A. LOCATION

Yuma Proving Coound (Y PG the U S Ay s pomapad deser testventer, o stuated o the extreme
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